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(54) Bone anchor having a suture trough 


(57) A bone anchor with a suture trougli for attacli- 
ing bone to tissue using a suture. The bone anchor in- 
cludes a threaded bone anchor body having a major di- 
ameter, a minor diameter, a tip, and a drive head. A su- 
ture trough is fonmed within the anchor body with a width 


greater than or equal to the diameter of the suture and 
a depth below the minor diameter greater than or equal 
to the diameter of the suture. A suture passageway con- 
nects the opposing portions of the suture trough. The 
suture seats within the suture trough during insertion of 
the bone anchor into the bone. 
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Description 

TECHNICAL FiELD OF THE INVENTION 

The present invention relates generally to medical 5 
devices and more particularly to a bom anchor having 
an external suture trough for use in connecthg soft tis- 
sue to txxie. 

BACKGROUND OF THE INVENTION io 

Modem medical techniques include suturing soft 
tissue to bone, for example, during reconstructive sur- 
gery. In one form, this technique involves attaching the 
suture to a bone anchor, inserting the bone anchor into is 
the bone, and connecting the tissue to the bone via the 
suture. The bone anchor allows the surgeon to connect 
soft tissue to bone using a suture. 

Conventional bone anchors attach the suture to the 
bone anchor in ways that limit the bone anchor's effec- ^ 
tfveness in practice. One example of a conventional 
bone anchor is the Ogden bone anchor, disclosed In U. 
5. Patent 5,156,616 entitled Apparatus and Method tor 
Suturo Attachment 

The Ogden bone anchor has a threaded anchor 26 
body having a passageway through the body of the an* 
chor. The Ogden anchor requires a special toot to route 
the suture though center axis hole of the anchor and the 
drive tool. The suture must be knotted at the lead end 
of the anchor to prevent pull out through the center hole so 
and keep the suture statk>nafy in the anchor. The re- 
quirement of knotting the suture in the Ogden anchor 
limits its use to a "non-elip" mode of operation. 

The Statak bone anchor is another conventional 
bone anchor with a threaded anchor body. The Statak 3S 
anchor requires routing the suture through an eyelet at 
the drive end of the anchor While the eyelet allows a 
'slip mode* of operation, the eyelet Is also used as the 
drive to insert the Statak anchor into bone. The Statak 
eyelet can be susceptible to mechanical failure (twisting 40 
off) due to its relatively small cross-sectional area. Nee- 
dles cannot be pre-attached to the suture in either the 
Ogden or Statak bone anchors due to the lack of center 
axis hole clearance in the bone anchor andAor associat- 
ed driver. 45 

SUMMARY OF THE INVENTION 

The present Invention provkles a bone anchor hav- 
ing a suture trough that substantially eliminates or re* so 
duces disadvantages and problems associated with 
prevk>u8ly developed t>one anchor systems and meth- 
ods. 

Viewed from a first aspect, the present Inventbn 
provides a bone artchor for insertton into bone together s$ 
with a suture, comprising: 

a bone anchor body, said bone anchor body havbg 


a driver end and a lead-in end, said bone anchor 
body having a threaded surface formed by broken 
threads such that said threaded surface has at least 
one suture trough extending longitudinally along 
saki bone anchor body; and 
a tip at saki lead-in end, sakl tip having a suture 
eyelet that is substantially perpendk^ular to the ton- 
gitudinal axis of sakj anchor body; 
wherein sakl suture trou^ and esad suture eyelet 
are of sufficient dimenskxis so as to completely con- 
tain saki suture such that saki bone ancfior may be 
inserted into said bone without f rbtbnal contact be- 
tween said bone and said suture. 

Viewed from a second aspect, the present invention 
provkies a bone anchor for Insertion into bone together 
with a suture, comprising: 

a bone anchor body, said bone anchor body having 
a driver attachment end and a lead-in end, sakl 
bone anchor body having a threaded surface 
fonmed by broken threads such that said broken 
threaded surface has at least one suture trough ex- 
tending k)ngitudinally akxig said bone anchor body; 
and 

a tip at said lead-in end. saki tip having a suture 
cross 8k>t that is substantially perpendicular to the 
kmgitudinal axis of said anchor body and that has 
sufficient dimensons such that such suture may be 
at least partially contained within said cross sk>t; 
whereki said at least one suture trough is of suffi- 
cient dimenskxis so as to completely contain saki 
suture such that sakl bone anchor may be Inserted 
into said bone without frictional contact between 
said bone and saki suture. 

Viewed from a third aspect, the present Invention 
provkles a method of manufacturing a bone anchor for 
use in attaching suture to bone, comprising the steps of: 

forming a threaded bone anchor body with a minor 
diameter and a major diameter; 
forming a suture trough on opposing sides of the 
bone anchor body such that the suture trough has 
a wkfth greater than or equal to the diameter of the 
suture and a depth below the minor diameter great- 
er than or equal to the diameter of the suture; 
forming a tip in the bone anchor body ; 
forming a drive head in the tx>ne anchor body; and 
forming a suture passageway in the tip of the bone 
anchor body to connect the opposing portkxis of the 
suture trough. 

In accordance with preferred embodiments of the 
present inventbn. an improved bone anchor Is provkjed 
that includes a threaded bone anchor body having a ma- 
jor diameter, a minor dianneter, a tip, and a drive head. 
A suture trough Is iomed within the anchor body having 
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a width greater than or equal to the diameter of the su- 
ture and a depth below the minor diameter greater than 
or equal to the diameter of the suture. A suture passage- 
way connects the opposing portions of the suture 
trough. The suture seats within the suture trough during 
inssrtion of the bone anchor into the bone. 

Preferred enr^bodiments of the present Invention 
provide an important technical advantage by providing 
a trough In the anchor in which the suture resides during 
insertion of the bone anchor into the bone. This allows 
the use of the bone anchor in either non-slip (knotted 
suture) or slip (unknotted suture) mode. 

Another important technical advantage is that the 
bone anchor of preferred embodiments does not require 
a special suture threading tool. 

Further, needles can be att»:hed to the suture prior 
to Inserting the bone anchor into tne bone. 

Also, in preferred embodiments, the suture's hold- 
ing strength is the suture line break strength rather than 
the pull-out t6nsk>n of the suture knot. 

The prefen^ed embodiments of the inventkxi pro- 
vkie an(^er important technk»l advantage by eliminat- 
ing or greatly reducing mechantoal failure <^ the anchor 
The suture trough allows the bone anchor to use a drive 
socket, rather than a drive end (such as the one used 
on the Statak bone anchor), to provide a bone anchor 
that is less susceptible to mechanical failure during In- 
sert»n. 

Further, the bone anchor of preferred embodiments 
provides a relatively non-abrasive surface against whk:h 
the suture acts when tensk>ned, to reduce the likelihood 
of suture breakage. 

BRIEF DESCRIPTION OF THE DIRAVyiNGS 

For a more complete understanding of the present 
inventk)n and the advantages thereof, reference is now 
made to the following descriptton of preferred eniYbodi- 
ments of the present inventk)n taken in conjunction with 
the accompanying drawings, in which like reference nu- 
merals indicate like features, and wherein: 

FIGURE 1 shows an isometrte view of one emt)od- 
iment of the present inventk>n with a self-drilling tip; 
FIGURE 1 A shows a sectional view of the embodi- 
ment of Figure 1 along section line 1 A; 
FIGURE 1 B shows a sectional view of the embodi- 
ment of Figure 1 along sectton line 1 B; 
FIGURE 2 shows an isometric view of another em- 
bodiment of the present inventkxi with a self-tap- 
ping tip; 

FIGURE 2A shows a sectk>nal view of the embodi- 
ment of FIGURE 2 ak)ng section line 2A; and 
FIGURE 2B shows a sectk)nal view of the embodi- 
ment of FIGUFiE 2 along sectkyn line 2B. 


DETAiLED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

Preferred embodiments of the present invention are 
s illustrated in the FIGURES like numerals being used to 
refer to like and conesponding parts of the various draw- 
ings. 

In one embodiment, the present Invention provkles 
a bone anchor with an exterk>r suture trough for securing 

10 suture to bone when reattaching soft tissue. The suture 
trough provides the means for easily toadlr^ suture line 
into the tx>ne anciior without requiring a special suture 
threading tool. Suture can be secured to the bone an- 
chor with or without needles attached. The suture trough 

IS feature of preferred embodiments of the present inven- 
X\on alk>ws the suture to be used In either a "slip" or "non - 
slip" mode. "Slip mode" albws suture to slide back and 
forth through the bone anchor, while "non-slip mode" 
holds the suture stationary in the bone anchor. When 

20 the suture is knotted for "non-slip" mode, the knot can 
be positioned in an eyelet or counter bored hole to hoM 
the suture stationary in the bone anchor. These features 
allow a surgeon either mode of operatk)n using a single 
type of bone anchor 

2S FIGURE 1 is an isometrk: view of a self -drilKng em- 
bodiment the bone anchor 1 0 of the present invention. 
Bone anchor 10 hciuctos bone anchor body 12 having 
a drive head 16 and a tip 14. Bone anchor 10 is prefer- 
ably manufactured from titanium. Tip 1 4 shown in Figure 

30 1 is a spade drill tip 1 4 that provides a self-drilling feature 
to the bone anchor 10 by alk)wing the bone anchor to 
directly drill into the bone without first tapping the bone. 
A drive pocket 18 't6 countersunk into the head 16 of 
bone anchor 1 0 to provide a means to drive bone anchor 

3S 1 0 in or out Of bone. The drive pocket 1 8 shown In Figure 
1 is a rectangular pocket for receiving a rectangular 
drive. It should be understood that drive pocket 16 can 
assume other shapes to conform to a variety of drives 
for screwing the bone anchor 1 0 intoand out of the bone. 

40 As shown in FIGURE 1 B. the threaded anchor body 
12 has a major screw diameter 40 and a minor screw 
diameter 50. The major diameter 40 remains constant, 
while minor diameter 50 increases, or "runs out", from 
the tip 1 4 to the head 1 6 of bone anchor 1 0. The run out 

45 provMes a larger cross sectional area at the head 16 of 
the bone anchor 10 to provide a larger cross section 
drive pocket 16 for relatively small bone anchiors 10. A 
larger cross section enhances the strength of the drive 
pocket 18 to decrease the likelihood of mechank:at fail- 

so ure during insertbn of the bone anchor 1 2. In an alter- 
native ennbodiment, the anchor body 1 2 couk:! t>e made 
wide enough that a run out woukif not be necessary to 
provkie a mechanically sound drive pocket 18. 

Suture trough 20 is a trough formed in anchor body 

ss 12 that runs on opposing skies of the anchor body 12. 
In the embodiment shown in FIGURE 1, suture trough 
20 runs approximateiy parallel to the minor thread diam- 
eter 50. Suture trough 20 is recessed bebw minor 
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thread diameter 50 by a depth 24 (0^), shown in FIG- 
URE 1 A. Suture trough 20 has a width 22 (W^). shown 
in FIQURE 1 . Both the width and depth of suture trough 
20 should be greater than or equal to the diameter of 
the suture to be used with the bone anchor 10. This al- 
lows the suture to seat within the suture trough 20 such 
that the suture remains below minor diameter 50 to pre- 
vent contact between the suture and the bone when 
bone anchor 10 is screwed hto the bone. Suture that 
remains within the suture trough 20 will not suffer danrv 
age due to contact with bone during Insertion of the bone 
anchor 10 into the bone. 

As shown in FIQURE 1. the opposing portions of 
. suture trough 20 connect through passageway 60. In the 
embodiment of FIGURE 1 , passageway 60 is a circular 
eyeletcross-drilledintotip 14. Thediameterof theeyelet 
60 wil) preferably exceed the width 22 of suture trough 
20 to provide an area for a suture knot to reside during 
*'non-siip* operation. Suture is loaded onto bone anchor 
12 by routing the suture through cross-drilled eyelet 60 
and pulling the suture taut to sea! the suture in suture 
trough 20 from tip 14 to drive head 16 on either side of 
bone anchor 10. 

FIGURE 2 is an isometric illustration of a self tap- 
ping ennbodiment of bone anchor 10. FIGURES 2A and 
2B show sectional views of the embodiment of FIGURE 
2. The self-tapping bone anchor 10 requires driiling a 
pilot hole into the bone prior to screwing thebone anchor 
10 into the bone. The embodiment of FIGURE 2 has a 
non-tapered or straight, threaded anchor body 12 with 
a beveled tip 14. Bevelled tip 14 includes a passageway 
60 that includes counter bore 70 along the center axis 
of the anchor 10 and a cross slot 80. The counter bore 
70 preferably has a diameter that exceeds the width of 
the suture trough 20 and provides the area for holding 
a knot in a knotted suture. Cross slot 80 provides the 
passageway that connects the opposing portions of su- 
ture trough 20. Cross slot 60 will have a width 82 (Wcs) 
approximately equal to the width of the suture trough 20 
(Wt). Major diameter 40, minor diameter 50. minor di- 
ameter runout, drive head 16, and drive pocket 18, su- 
ture trough wkjth, and suture trough depth are as de- 
scrbed in FIGURES 1. 1 A and IB. 

In operation of prefen-ed embodiments of the 
present inventkx), suture line is sent through passage- 
way 60 and pulled taut to seat the suture in the suture 
trough 20. For an eyelet style passageway 60, the su- 
ture wouki be threaded through the eyelet, whereas for 
a counter bore-type passageway 60. the suture coukJ 
be placed Into or pulled through. The suture can attach 
to a drive tool to pull the suture taut, thereby seating the 
suture in the suture trough 20 and securing the bone 
anchor 10 to the drive tool. The suture line can pass 
through the passageway 60 either with or without a nee- 
dle attached, depending on the need of the specifto op- 
eration. The drive tool can then rotate to screw the bone 
anchor 10 and suture into the bone. The suture trough 
20 of the present invention albws the suture to rennain 


bek)W the minor diameter 50 when driving bone anchor 
12 into bone to avoid suture fine damage. The suture 
trough 20 and passageway 60 configuration of prefen-ed 
embodiments of the present invention provkle an ad- 

s vantage over conventional bone anchors by allowing a 
surgeon to attach a needle to the suture prior to inserting 
the bone anchor 10. This optron prcMdes a potential ad- 
vantage because the surgeon does not have to attach 
the needle to the euture after the bone anchor is 

10 screwed into the bone, and in ctoee proximity to both the 
bone and the soft tissue. 

The preferred embodiments of the present tnven- 
tbn provide another advantage by allowing both "slip" 
and °non-slip° modes of operation using the same bone 

rs anchor 10. In "non-slip" mode, a knot is tied in the suture 
prtor to seating the suture In suture trough 20. The knot 
is tied so that an approprate amount of suture extends 
on either side of the knot. The knot is then lodged within 
the passageway 60 (kxtged within the eyelet of FIGURE 

20 1 or the counter bore 70 of FIGURE 2) and the suture 
seats In suture trough 20 and cross slot 80 of FIGURE 
2). The eyelet diameter 62 and the counter bore 70 width 
72 shouki bc(lh exceed the wkfth of the suture trough so 
that the knot will enter the eyelet, but will not pass into 

26 the suture trough 20. The bone anchor 10 can then be 
screwed into the bone. The bone surrounds the pas- 
sageway 60 of bone anchor 1 0 to help hokl the knot with- 
in the passageway 60. The surgeon can then attach the 
suture opposite the knot to the soft tissue aruj pull the 

30 soft tissue to the tx)ne. Because the suture is a single 
piece with a knot tied in it, and not two separate pieces 
of suture tied together to form the knot, the failure 
strength Is the suture line break strength rather than the 
pull out strength of the knot. 

3S In "slip" mode, the suture is seated in the suture 
trough 20 without a knot in the suture line. A surgeon 
can then screw the bone anchor 1 0 into the bone, attach 
one end of the suture to the soft tissue, pull the suture 
to the anchor, thereby pulling the soft tissue to the bone, 

40 and tie off the suture. The suture trough 20 of preferred 
embodinnents of the present Invention provides a stot 
through which the suture can "slip" to allow the suture 
to be pulled through the suture trough after the bone an- 
chor 1 0 has been inserted into the bone. Some conven- 
es tk)nal bone anchors, such as the Ogden bone anchor, 
do not provkie the surgeon the slip mode optk)n be- 
cause the Ogden bone anchor requires a knotted, fixed 
suture. The slip mode of operatton provkies another po- 
tential advantage by allowing the surgeon to pull through 

so potentially damaged suture without having to remove 
the bone anchor. For example, if the suture were to be 
damaged at a place within the bone after the bone an- 
chor 10 was installed, the suture could be slipped 
through the euture trough 20 to expose the damaged 

55 portion, cut to remove the cteunages portbn, and used 
in the operatbn without having to remove the bone an- 
chor. 

The drive pocket 18 of preferred embodiments of 
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the present invention provides a targer cross sectional 
area to use to drive the anchor into the bone than some 
conventional bone anchors. The Statak bone anchor, for 
example, has a relatively thin, rectangular drive end with 
a circular hole through which the suture is threaded. The 
relatively thin drive end is subject to mechanical failure 
(twisting off) during insertion into the bone and can pro- 
vide a relatively sharp edge contacting the suture that 
could lead to cutting or damaging the suture. In contrast, 
preferred embodiments of the present invention provide 
a female-type drive poclcet with a larger cross sectional 
area for driving the bone anchor into the bone. Further- 
more, a smoother contact surface is provided with a 
larger cross sectional area 90 between the bone anchor 
and the suture to reduce the iilcel^ood of cutting the su- 
ture during operation. 

In summary, the preferred embodiments of the 
present Invention provide a bone anchor with a suture 
trough for use in attaching bone to tissue. The bone an- 
chor includes a threaded bone anchor body having a 
major diameter, a minor diameter, a t^), and a drive 
head. A suture trough is formed within the anchor body 
having a width greater than or equal to the diameter of 
the suture and a depth be tow the minor diameter greater 
than or equal to the diameter of the suture. A suture pas- 
sageway connects the opposing portions of the suture 
trough. The suture seats within the suture trough during 
insertion of the bone anchor Into the bone to reduce or 
eliminate damage to the suture. The preferred embodi- 
ments of the present invention altow needles to be at- 
tached to the suture prtor to insertion of the bone anchor 
into the bone, allow both slip and non-slip modes of op- 
eration, and provide an increased cross sectional area 
for driving the anchor Into the bone to reduce or elimi- 
nate mechanical failures of the bone anchor. 

Although the present invention has been described 
in detail, it should be understood that various changes, 
substitutions and alterations can be made hereto with- 
out departing from the scope of the invention as de- 
scribed by the appended claims. For example, another 
embodiment the present invention could comprise a 
self-tapping anchor similar to the embodiment of FIG- 
URE 2, but replacing the cross slot and counter bore 
with an eyelet as in FIGURE 1 (but without the spade 
dria tip shown In FIGURE 1). 


Claims 

1. A bone anchor for insertion Into bone together with 
a suture, comprising: 

a bone anchor body, said bone anchor body 
having a driver end and a lead-in end, said bone 
anchor body having a threaded surface formed 
by broken threads such that said threaded sur- 
face has at least one suture trough extending 
longitudinally along said bone anchor body; 


and 

a tip at said lead-in end, said tip having a suture 
eyelet that is substantially perpendicular to the 
longitudinal axis of said anchor body; 

s wherein said suture troi^ and said suture eye- 

let are of sufficient dimensions so as to com- 
pletely contain said suture such that said bone 
anchor may be inserted into said bone without 
frictional contact tmtween said bone and said 

10 suture 

2. A bone anchor for insertion into tX3ne together with 
a suture, comprising: 

IS a bone anchor body, said bone anchor body 

having a driver attachment end and a lead-in 
end. said bone anchor body havhg a threaded 
surface formed by brolcen threads such that 
said broken threaded surface has at least one 

zo suture trough extending longitudinally along 

saki bone anchor body; and 
a tip at said lead-in end, said tip having a suture 
cross stot that is substantially perpendicular to 
the longitudinal axis of sakJ anchor body and 

S6 that has sufficient dimenstons such that such 

suture may be at least partially contained within 
saki cross stot; 

wherein said at least one suture trough is of suf- 
ficient cTimenskxis so as to completely contain 
30 sakI suture such that said bone anchor may be 

inserted into said bone without frictional contact 
between said bone and said suture. 

3. The bone anchor of Claim 2 , wherein sakl tip has 
3S a cavity adjacent saki cross stot, sakJ cavity having 

dimenstons sufficient to contain at least a poitk>n of 
a knot of sak^ suture. 

4. The bone anchor of Claim 3 . wherein said cavity is 
40 a counter bore substantially perpendicular to saM 

cross skit. 

6. The bone anchor of Claim 2 , wherein sad cross 
stot has dimenstons sufftoient so as to completely 
45 contain sakI suture such that saki suture does not 
contact said bone at sakI tip when saki anchor is 
inserted into sakt bone. 

6. The bone anchor of Claim 1 or Claim 2. wherein saki 
50 at least one suture trough is formed on the extertor 

of sato bone anchor body, extending from the drive 
end to saki tip. 

7. The bone anchor of Claim 1 or Claim 2, wherein the 
ss depth of the suture trough is approximately equal to 

the width of the suture trough. 

8. The bone anchor of C\am 1 or Claim 2, wherein the 
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bone anchor further oomprises a drive pocket 
formed in said drive end, said drive pocket operable 
to receive a drive for inserting the bone anchor into 
bone. 

5 

9. The bone anchor of Claim 1 . wherein the eyelet is 
circular. 

10. The bone anchor of Claim 1 or Claim 2. wherein the 
anchor body is tapered such that said drive end has io 
a cross Sectional area larger than that of sakS lead- 
in end. 

11. The bone anchor of Claim 1 or Claim 2, where the 
anchor body has a cross sectk)nal area that is sub- is 
stantially constant atong sakl longitudinal axis. 

1Z The bone anchor of Claim 10 or Claim 11, wherein 
the.anchor body has a nr^jor diameter defined by 
the outer edges of saki threads and a minor diam- ^ 
eter defined by the bases of saM threads and 
wherein sakl major diameter and sakl minor diam- 
eter are substantially parallel to each other. 

13. The bone anchor of Claim 1 , wherein the tip com- 26 
prises a spade drill tip to form a self-drilling bone 
anchor. 

14. The bone anchor of Claim 1, wherein the tip com- 
prises a counter bored bevel tip for use with a pikTt 3o 
hole in the bone. 

15. The bone anchor of Claim 1 . wherein saki threaded 
surface has a pair of said suture troughs and where- 
in said suture eyelet connects said suture troughs. 3S 

16. The bone anchor of Claim 2. wherein sakl thread 
surface has a pair of suture troughs and wherein 
saki cross stot connects said suture troughs. 

40 

17. The bone anchor of Claim 15 or Claim 16, wherein 
said suture troughs are on opposing sides of said 
bone anchor bod^. 

ia The bone anchor of Claim 10 or Claim 11, wherein 45 
the anchor body has a m^ diameter defined by 
the outer edges of sakJ threads and a minor diam- 
eter defined by the bases of said threads and 
wherein said major diameter and said minor diam- 
eter diverge with respect to each other. so 

19. A method of manuf^uring a bone anchor for use 
in attaching suture to bone» comprising the steps of: 

fomilng a threaded t>one anchor body with a mi- ss 
nor diameter and a major diameter; 
forming a suture trough on opposing skJes of 
the bone anchor body such that the suture 


trough has a wkfth greater than or equal to the 
diameter of the suture and a depth below the 
minor diameter greater than or equal to the di- 
ameter of the suture; 
fonming a tip in the bone anchor body ; 
forming a drive head in the bone anchor body; 
and 

forming a suture passageway in the tip of the 
bone anchor body to connect the opposing por- 
tions of the suture trough. 

20. The method of Claim 1 9, further comprising the step 
of passing a suture through the suture passageway 
such that the suture can slip through the suture pas- 
sageway and the suture trough after the bone an- 
chor has been inserted into the bone. 

21 . The method of Claim 1 9, further oonriprising the step 
of knotting a suture and k)dging the knot within the 
suture passageway to hold the suture statkmary 
within the bone anchor 

22. The method of Claim 19 further comprising; 

attaching a needle to a suture and subse- 
quently attaching the suture to the bone anchor. 

23. The method of Claffn 1 9. further comprising; 

attaching a suture to the bone anchor, 
attaching the suture to a drive tool, thereby se- 
curing the bone anchor to the drive tool; and 
rotating the drive tool to insert the bone anchor 
Into the bone. 
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